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An Experimental Investigation on the Drying of Sliced
Food Products in Centrifugal Fluidized Bed!
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An experimental investigation on the fluidization and drying characteristics of sliced food products in
a centrifugal fluidized bed dryer was carried out. The rotating speed ranges from 300 rpm to 500 rpm.
Sliced potato and radish were used as the testing materials. The results show that the sliced materials
can be fluidized well in the centrifugal fluidized bed. The fluidized curve has a maximum value and
the critical fluidized velocities vary with the type of the test material, its shape and dimension as well
as operating parameters. The sliced food materials can be dried very well and fast in the centrifugal
fluidized bed with a large productivity. The factors that influence the drying process were examined
and discussed. The final shape and inner structure of the dried products were observed. The water
recovery characteristics of the dried products were also investigated.
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INTRODUCTION

Centrifugal fluidized bed (CFB) drying is a new
technology in which the wet material is undergone a
highly enhanced heat and mass transfer process in a
centrifugal force field by rotating the bed. The bed
is essentially a cylindrical basket rotating around its
symmetric axis with porous cylindrical wall. The dry-
ing material is introduced into the basket and forced
to form an annular layer at the circumference of the
basket due to the large centrifugal forces produced
by the rotation. The gas is injected inward through
the porous cylindrical wall and the bed begins to flu-
idize when the forces exerted on the material by the
fluidizing medium balance the centrifugal forces. In-
stead of having a fixed gravitational field as in a ver-
tical bed, the body force in a centrifugal bed becomes
an adjustable parameter that can be determined by
the rotation speed and the basket radius. Minimum
fluidization can, in principle, be achieved at any gas
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flow rate by changing the rotating speed of the bed.
By using a strong centrifugal field much greater than
gravity, the bed is able to withstand a large gas flow
rate without the formation of large bubbles seriously.
Thus the gas-solid contact at high gas flow rate is im-
proved and the heat and mass transfer can be achieved
during the drying process. For this reason, centrifu-
gal fluidized bed dryer has received much attention in
drying industry.

Only a few research works dealing with the drying
of food products in the centrifugal fluidized bed could
be found in literature. Lazar et al (1971-1979) and
Brown (1972) have conducted the drying process in
a centrifugal fluidized bed for sliced fruits and veg-
etable, while Carlson (1976) has took an investigation
on the drying of fast rice in the centrifugal fluidized
bed. These research works are very instructive, but
they are mainly focused on the possibility of an in-
dustrial application for CFB. The flow behavior and
drying characteristics in CFB is very complicated and
still not very clear, but it is necessary for the design
purpose of a centrifugal fluidized bed dryer. In this
paper, an experimental study on fluidization behavior
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Symbols
G mass flow rate of gas kg/s
H moisture content of gas kg/kg
Lo fixed bed thickness m
Mw  weight of dried material kg
n rotating speed of the bed rpm
P pressure drop kPa

R drying rate kg/m’s
S  drying area m?
T  temperature °C
Uy superficial gas velocity m/s

W water content (wet) %

]

moisture content kg/kg

and drying characteristics of sliced food products in
a centrifugal fluidized bed were performed and the
main factors which influence the drying process were
examined and discussed. The final shape and inner
construction of the dried products were observed and
discussed. The water recovery characteristics of the
dried products were also investigated.

EXPERIMENTAL APPARATUS

A schematic diagram of the experimental appara-
tus is shown in Figure 1. A cylindrical basket rotated
about a horizontal axis is mounted in a sealed cylin-
drical casing. The basket is of 200mm in diameter and
80mm in width. The side surface of the basket having
3mm diameter holes on it serves as a gas distributor,
which has an open area of 22.7%. A 200 mesh stainless
steel screen is coated inside surface to prevent the bed
material from leaking out. There is one hole of 80mm
diameter located at the center of the end wall of the
basket to exit the gas. A variable speed motor is used
to rotate this basket by means of a shaft connected to

Fig.1 Experimental apparatus

another end wall of the basket. The Rotational speeds
of the motor are measured by use of a LZ-45 revolu-
tion counter.

Air is blown in from a blower. The mass flow rates
of air are measured using an orifice meter. Air is
heated using an electric heater. A tee valve is used
to control the flow direction. After the air tempera-
ture is steady at the desired value (about 100°C), the
drying experiments begin by turning the tee valve on,
the hot air flows through the distributor to the bed
and then is exhausted into atmosphere. The pressure
drop is measured by an U-shaped pressure gauge.

A pressure probe is stretched into the basket along
the centerline 10 mm away from another end wall of
the basket. Experiments are also conducted with-
out the bed material to obtain the pressure difference
across the distributor under the same operating con-
ditions. The pressure drop through the bed is, then,
calculated by

APpeq = APrgia1 — APpistributor

The inlet gas temperature, the outlet gas temper-
ature and the bed temperatures at various positions
vs. time are measured using the bare thermocouple
probes and the data are recorded by a 3497A data ac-
quisition / control unit. The moisture contents of the
test material during the drying process are measured
by the moisture balance method in gas phase, that is,
by measuring the inlet and outlet wetabilities in gas
phase with wet and dry bulb thermometers.

The water balance at the time interval from t; to
tj=1 is

tj+1 Ti+1
G (Hout — H;p)dt = —M,,/ dz
t; £
thus the moisture content of the test material at
time ;4 is

G [t
Zy = 25— 2 / (Hous — Hin)dt(2)

tj
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By use of drying weight method for a test material
sample to obtain the initial moisture content we can
get the moisture content variation with the time, and
thus the drying rate can be calculated as

where the drying surface Sp is taken as the total sur-
face area of the test material.

The fresh potato and radish are used as the test
materials. After cleaning and skinning they are cut
into 5 x 5 X 5 mm blocks and 10 x 10 x 1 mm pieces
for the drying test.

RESULTS AND DISCUSSION

A. The Pressure Drop of the Bed and Initial
Fluidization Character

Fig.2 shows the variations of the bed pressure drop
with the superficial gas velocity for a block and a piece
potato bed at different rotating speeds during the dry-
ing tests. It is obvious that the pressure drop curve
has a maximum value that corresponds with the crit-
ical fluidization point. In the initial fluidizing stage
the pressure drop increases with increasing the gas
velocity slowly. After reaching the critical point the
pressure drop will decrease with increasing the gas ve-
locity. This is because the self-lock phenomenon of the
sliced material under a centrifugal force field will be
weakened and the bed becomes uniform. It causes the
flow resistance decreasing. Decreasing the bed rotat-
ing speed would decrease the bed pressure drop and
the critical gas velocity remarkably as also shown in
Fig.2. This is because the decrease of the bed rotat-
ing speed would weaken the centrifugal force field and
cause the flow resistance decreasing. It can be seen
from Fig.2 that the critical fluidized velocity for piece
material is somewhat smaller than that of block mate-
rial owing to the larger upwind surface area for piece
material. Furthermore the pressure drop of the piece
material bed is also smaller than that of the block
material bed because the piece material has better flu-
idization character in the centrifugal fluidized bed. It
is examined that the existed initial fluidizing relation-
ships obtained from the theoretical mode! for granular
material do not fit the sliced material. The initial flu-
idizing conditions for the sliced material with different

shapes should be determined experimentally and in-
dividually.
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Fig.2 Pressure drop curves
A piece potato M = 0.52kg, n = 300rpm
O block potato M =0.57kg, n=300rpm

o block potato M =0.57kg n = 250rpm

B. Drying Curves

A typical drying curve in the intermittent drying
process is shown in Fig.3. It is obvious that the sliced
potato has similar drying character in the centrifu-
gal fluidized bed to the conventional drying process.
At the beginning there is a short initial period. In
this period the bed material is preheated and the bed
temperature ‘approaches quickly to a stable value, the
drying rate increases very fast. This initial period is
followed by the period of constant rate of drying. In
the constant rate period, the surface of the test ma-
terial is covered with a thin water film. The heat
transferred from the gas flow to the material is used
completely to evaporate the moisture, so that the tem-
perature of the sliced material remains at an equilib-
rium temperature and the drying rate is at the max-
imum value. Because the main moisture contents in
the potato are the cell water, the constant rate period
is then very short. The most important drying process
is complete in the falling rate period followed. In the
falling rate period the dry layer appears and becomes
thicker gradually near the surface owing to the larger
transport resistance of the inner moisture outward. It
causes the heat transfer resistance increasing and the
drying rate decreasing fast in the first stage. After the
temperature of the dried layer increases to a certain
value the decrease of the drying rate become slowly.
This indicates that the falling rate period for the sliced
potato in the centrifugal fluidized bed dryer could be
divided into two different stages. It is important to
the engineering design and operation.



184

85 13.0x10™
80 @ : T
E 12.3x10
75 E ] ~
° 3 420x107 &
X 70E 5 O\D
= &F J1sx107 Z
60 F ] o=
41.0x10”
3 F ]
50 :....l....( -AI....I...:IN 5.0"10-6
0 100 200 300 400 500 600

t(s)

Fig.3 Variations of wet content (curve 6) and
drying rate {(curve 7) in the test

The experimental results show that the piece potato
in drying process has larger drying rate and shorter
drying time than the block potato in the centrifugal
fluidized bed. This is because the transport distance
of the moisture from inner cell to the outside evapo-
rating surface in the piece material is much more short
than in the block material, especially the second stage
of the falling rate period is shorter for the piece ma-
terial during the drying process. In general, because
the sliced material could be fluidized and mixed very
well in the centrifugal fluidized bed, the drying time
is extremely short. For example the drying time is 15
times longer in the conventional tunnel dryer than in
the centrifugal fluidized bed for sliced potato.
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Fig.4 Temperature and enthalpy variations
in drying process

C. Temperature Variations in the Drying
Process
Fig.4 shows the variations of inlet gas temperature
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(curvel) and enthalpy (curve5), outlet gas tempera-
ture (curve3) and enthalpy (curved), bed temperature
(curve2) during the intermittent drying process in the
centrifugal fluidized bed. The results show that the
bed temperature increases gradually in almost whole
process except a short initial time duration in which
a large amount of surface water is evaporated and the
bed temperature keeps almost constant. From the en-
thalpy curve one can also see clearly that there ex-
ist two stages with different drying characters in the
falling rate period. It is expected that these two stages
might be changed with different type of food material.

D. Influences of the Operation Parameters

The experimental results show that the drying rate
in the constant rate period and in the first stage of the
falling rate period would increase with increasing gas
velocity at low gas velocity range. Thus the total dry-
ing time would be shorten. But when the gas velocity
increases to a certain value, the constant rate period
would disappear and the first stage of the falling rate
period would be shortened and the second stage would
be prolonged. The total drying time keeps almost un-
changed, this is because most water content in potato
is the inner cell water and the main drying process
is within the second stage of the falling rate period.
With the increase of inlet gas temperature, the dry-
ing rates in all drying periods increase and the total
drying time will be shortened. But the increase of gas
temperature would be limited by the quality of the
dried food products. In our test the best inlet gas
temperature is about 100-110°C.

The experimental results also show that piece
radish with given dimensions has larger drying rate
than that of piece potato under the same operating
conditions. This is because the microstructure of the
test examples indicate that radish has larger cell struc-
ture with more regular arrangement than potato and
further more the liquid in radish cell is less viscous,
these structure characters cause radish to be easy to
dry. At the same gas velocity, the decrease of the
bed rotating speed will enhance the fluidized degree
of the bed and heat mass transfer between gas and
solid phase, thus the drying rate will be larger and
the drying process will be much uniform in the whole
bed. The maximum operating gas velocity in the cen-
trifugal fluidized bed should be lower than the termi-
nal gas velocity. Thus when people wants to enhance
the drying process by increasing gas velocity in the
centrifugal fluidized bed dryer, they must increase the
bed rotating speed simultaneously to avoid the drying
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material to blow out of the bed. Theoretically, the bed
can be operated in the optimum fluidized condition at
any gas velocity by regulating the bed rotating speed
in the centrifugal fluidized bed.

E. Deformation of the Dried Products and
Water Recovering

The shapes and their inner structure of the dried
block potato after drying at different drying conditions
are shown in Fig.5

IBEED

Fig.5 The shapes and inner structure of the
dried block potato a. Initial shape
b. 80-90°C c. 100-110°C
d. >110°C

The potato block under low temperature drying
(80-90°C) would shrink up as shown in Fig.5b. In
this case the products after fast drying in the cen-
trifugal fluidized bed have a dried region with a uni-
form dense structure and a small wet nucleus in the
center. Increasing gas temperature to 100-110°C, the
gas cavities would appear in the dried region (Fig.5¢)
owing to the expansion of water vapor. When the dry-
ing process is conducted at higher temperature con-
ditions, the dried products would expand as shown in
Fig.5d. In this case the wet nucleus is smaller but still
existed, the gas cavities in the dried region become
larger. To drying these wet nuclei, it needs a relative
long time and would no longer suit to proceed such
further drying process in the centrifugal fluidized bed
dryer.

The water recovering tests were made by put the
dried products in the water. The rewetting process
need to last about 5-20 minutes depending on the dry-
ing regime and material structure. The results show
that all these dried products can almost be recovered
to the initial state after rewetting. The dried products
with the gas cavities, especially for expanding pro-
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ducts would be recovered better and fast while the
dried products with dense structure and shrinking
shape would be recovered longer and hard to fully re-
cover. The results also show that all dried products
can not be recovered to their original crisp character-
istics after rewetting operation.

CONCLUSIONS

1. The sliced food products can be fluidized and
mixed very well in the centrifugal fluidized bed, the
pressure drop curve has a maximum value and the
critical fluidized parameters would vary with shape,
dimension of the drying products and the material it-
self, as well as operating conditions.

2. The sliced food products can be dried very well
and efficiently. The main process of the drying is
within the falling rate period, the drying rate depends
on shape, dimension and material of the drying prod-
ucts, as well as the operating conditions.

3. The deformation and recovering character de-
pend on the gas temperature, gas velocity and prod-
uct itself. The state of the dried product can be well
controlled by regulating the bed rotating speed and
gas temperature in the centrifugal fluidized bed.

4. The dried sliced food products in the centrifugal
fluidized bed have better water recovering character-
istics.
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